RAILWAY CAR 



FIELD OF THE INVENTION 
The present invention relates to a body of a railway car 
that travels on rails, and is especially preferable for forming 
a railway car body composed of hollow shape members made of light 
alloy o 

DESCRIPTION OF THE RELATED ART 
In forming a railway car, consideration must be made on 
absorbing and relieving the impact force loaded to the passengers 
on board in case collision occurs. Japanese Patent Laid-Open 
Publication Nos. HI 1-30 1476 and 6-211133 disclose a car formation 
comprising plural car bodies being connected linearly , wherein 
a shock absorbing mechanism such as an easily breakable structure 
is equipped to the underframe at the front end of the leading 
car body, thereby absorbing the shock of collision and relieving 
the impact to the passengers on board. 

Japanese Utility Model Publication No. 57-56929 discloses 
a coupler disposed on the end portion of an underframe of a car 
body for connecting the car body to an adjacent car body. 
Therefore, a strengthening member is provided to the lower 
surface of the underframe at the end portion so as to realize 
a strong structure. 

As disclosed in Japanese Patent Laid-Open Publication No. 
2-246863, the car body is formed of hollow shape members made 
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of light alloy material. Each hollow shape member is disposed 
so that the direction of extrusion thereof is arranged along 
the longitudinal direction of the car body. 

The railway car is formed by coupling plural car bodies 
together (this is called a car formation) , so when considering 
ways to cope with collision, the collision between car bodies 
arranged adjacent to one another in the car formation must also 
be considered. The underframe constituting the floor of the 
car is formed strongly. 

When collision occurs at the leading car, the car bodies 
constituting the car formation collide against each other, or 
in other words, the under frames of the car bodies collide against 
each other. However, even if the under frames collide against 
each other, the under frames will not collapse by the collision 
since they are built firmly, thus the impact of collision is 
not relieved. 

Further, it is desirable to provide a shock absorbing 
mechanism not only to the leading car body of the car formation 
but also to each of the car bodies constituting the car formation . 
The position on which the shock absorber is disposed should be 
the end of each car body. However, the following problems occur 
when such assembly is employed. 

(1) The shock absorbing mechanism cannot be equipped to 
a car structure in which the end of the car body to which the 
shock absorber is to be disposed is short in length and the interior 
of the car body or the space under the floor of the car body 
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is narrow and restricted. 

(2) When the underframe is formed only by plural hollow 
shape members disposed along the longitudinal direction of the 
car body, the strength of the underframe is advantageously 
secured since the hollow shape members have high in-plane 
rigidity and high outer-surface flexural rigidity, but such 
structure is disadvantageous from the point of view of absorbing 
and relieving the impact force. 

(3) The ends of the car body are built f irmly , and it is 
very difficult to assemble the shock absorbing mechanism to such 
areas of the car body. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a highly 
safe car body equipped with a shock absorbing mechanism. 

The above-mentioned object of the present invention is 
achieved by providing an underframe characterized in that the 
material constituting both longitudinal ends of the underframe 
is softer than the material constituting the longitudinal center 
area of the underframe. 

The second method achieves the object of the present 
invention by providing a car formation comprising plural car 
bodies being coupled together, wherein both ends of each car 
body of said car formation constituting a portion of a passenger 
room is equipped with a member that shrinks in the longitudinal 
direction along the car body when the car body collides against 
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an adjacent car body. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view showing the end portion of 
a railway car body according to one embodiment of the present 
invention; 

FIGo 2 is a plan view showing the under frame at the end 
portion of the car body of FIG, 1; 

FIG. 3 is a III-III cross-sectional view of FIGo 1; 

FIG, 4 is an explanatory view showing the method of 
manufacturing the hollow shape member according to one embodiment 
of the present invention; 

FIG. 5 is a plan view showing the whole structure of the 
under f rame; 

FIGo 6 is a perspective view showing the end portion of 
the under frame of FIGo 1; 

FIG. 7 is a VII-VII cross-sectional view of FIGo 6; 

FIGo 8 is a VIII-VIII cross-sectional view of FIG. 2; 

FIGo 9 is a IX-IX cross-sectional view of FIG, 2; 

FIGo 10 is an explanatory view showing the method of 
manufacturing the hollow shape member according to another 
embodiment of the present invention; 

FIG. 11 is an explanatory view of the collision energy of 
various materials; and 

FIG. 12 is a stress-strain diagram of the materials. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
A preferred embodiment of the present invention will now 
be explained with reference to FIGS. 1 through 9„ In FIG. 2, 
no hollow shape member 40 is shown- However, members 35, 36 
and 38 disposed below plural hollow shape members 40 are shown 
by dotted lines on the assumption that the plural hollow shape 
members 40 are disposed thereto » 

The car body comprises side structures 10 that constitute 
the side walls of the car body , the roof structure 20, an under frame 

30 that constitutes the floor thereof, and so on„ The side 
structures 10, the roof structure 20, and the underframe 30 are 
all formed by welding plural hollow shape members together • Each 
hollow shape member is an extruded shape member made of light 
alloy, and the direction of extrusion (that is, the longitudinal 
direction) is arranged in the longitudinal direction of the car 
body. Plural hollow shape members are arranged along the 
circumferential direction of the car body having the width 
direction ends of each member disposed adjacent to one another, 
and the members are welded to form a single integrated structure „ 
Reference W denotes a window. The present car body is supported 
by two bogies • One car body is connected to an adjacent car 
body via a coupler . 

The underframe 30 comprises a floor portion, side sills 

31 disposed on both sides thereof, and a coupling member for 
connecting the coupler- The floor portion is formed of plural 
hollow shape members 40 each having its direction of extrusion 
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disposed along the longitudinal direction of the car body . Side 
sills 31 formed of hollow shape members are disposed on both 
width-direction-sides of the underframe B Each side sill 31 is 
large in size with a greater plate thickness , and is firmly built • 
Moreover, a coupling member for connecting a coupler used 
to connect the car bodies together is disposed on the lower surface 
of both longitudinal ends of the underf rame . The coupling member 
is composed of a bolster 35 arranged along the width direction 
of the car body , two center sills 36, 36 extending from the bolster 

35 to the end of the car body, and an end beam 39 disposed at 
the end of the center sills 36 , 36. The two center sills 36, 

36 are connected by a member 38. The center sills 36, 36 are 
positioned near the width-direction-center of the car body. A 
coupler for connecting the car bodies together is disposed 
between the two center sills 36, 36. Since the coupler is 
connected closer to the end than the member 38, the height of 
the center sills at such end area is higher than the other areas. 
The above-mentioned members are joined together by welding. 
Both ends of the bolster 35 are welded onto the side sills 31 , 
31. The end beam 39 is welded onto the ends of plural hollow 
shape members 40, and both ends of the end beam 39 are welded 
onto the side surface of the side sills 31. 

The hollow shape members (shown by the shaded portion of 
FIGS. 1 and 2) B disposed at both longitudinal ends of the pair 
of side structures 10, the roof structure 20 and the underf rame 
30 constituting the car body are formed to have a different 
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mechanical property from the hollow shape members A constituting 
the center portion of the car body. The hollow shape members 
B are formed of a material softer than the material of the hollow 
shape members A, and the hollow shape members B collapse easily 
when collision occurs, realizing a shock absorbing mechanism . 
The cross-sectional shapes of the hollow shape members A and 
B are the same. The ends of the car body on which the hollow 
shape members B are equipped constitute the passenger room 
(including the bathroom, the lavatory, the crew's room, etc. ) „ 
The center sills 36 and the side sills 31 within the area 
of the end of the car body where the hollow shape members B are 
equipped are also formed to collapse easily by impact force, 
similar to the hollow shape members B. The upper plate and the 
side plates of the center sills 36 within range B are provided 
with long holes 36b o Each center sill 36 has a channel-like 
cross-sectional shape with no bottom plate. Each side sill 31 
within range B is provided with long holes 31b, 31c, 3 Id, 31e, 
31f formed to the face plates (face plates facing the inner side 
of the car body) excluding the side face plate facing the exterior 
of the car body- The reason for not providing the long hole 
to the exterior-side face plate is to prevent deterioration of 
appearance. Further, a thin plate (not shown) is welded to the 
long holes 31e and 3 If exposed to the exterior of the car body 
to shut the opening of the long holes . This is to prevent water 
from intruding the inner side of the side sills. 

The hollow shape members constituting the side structures 
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10, the roof structure 20, and the underframe 30 of the car body 
comprise hollow shape members B, B disposed at both longitudinal 
end portions, and hollow shape members constituting the other 
areas (the center area) . The length of the hollow shape member 
B can be, for example, about 100 to 500 mm. The hollow shape 
member B is softer than the hollow shape member A. The hollow 
shape member B is softened by annealing. 

This annealing can be, for example, an O-material treatment 
(Os temper of annealed metal). In general, various heat 
treatments are provided to the extruded shape member after the 
extrusion • If the material of the extruded shape member is A6N0 1 , 
an artificial aging and hardening process of T5 is performed. 
The annealing of the O-material is performed thereafter. The 
annealing treatment to the O-material is performed for two hours 
at 380 °C, and the strength is 36.8 MPa . T5 has a strength of 
245 MPa. The annealing of the O-material is meant to soften 
the hollow shape member. The elongation of the hollow shape 
member B is greater than that of the hollow shape member A. The 
strength of the hollow shape member B is smaller than that of 
the hollow shape member A . In order to provide necessary strength 
and softness to the member, annealing other than the O-material 
treatment can also be performed. 

The above-mentioned heat treatment can be performed after 
cutting the hollow shape member B to the desired length as shown 
in FIG. 4, or can be performed while the hollow shape member 
is still long (not cut) . When the hollow shape member is long, 
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the member is cut to the predetermined length (B, B) after the 
heat treatment. 

The hollow shape member A and hollow shape members B, B 
treated as explained above are welded together by welding Vl lf 
to form a hollow shape member 40 having a length corresponding 
to the total length of the car body. The hollow shape members 
40 manufactured accordingly are arranged side-by-side in the 
width direction (circumferential direction of the car body) as 
shown in FIG. 5, and they are welded together in the conventional 
way by welding W 2 , thus forming the underframe 30, the side 
structures 10 and the roof structure 20. when forming the 
underframe 30, connecting members such as the side sills 31, 
31 and the center sill 36 etc. are welded. The number of hollow 
shape members 40 appearing in FIG. 1 is different from the number 
of hollow shape members 40 in FIG. 5, since the number of members 
40 in FIG. 1 is reduced so as to simplify the drawing. 

The welding between hollow shape members B and hollow shape 
member A is explained with reference to FIGS . 6 and 7 . As known 
widely, the hollow shape member 40 (A, B) comprises two face 
plates 41 and 42, and connecting plates 43 for connecting the 
face plates 41, 42. The connecting plates 43 are slanted, and 
the slanted plates 43, 43 are arranged in trusses . in some cases , 
at the end portion where one hollow shape member 40 is welded 
onto another hollow shape member 40, the plate connecting the 
two face plates 41, 42 is not slanted but is orthogonal to the 
face plates 41, 42. 
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The ends of hollow shape members A and B can fit into one 
another. At the longitudinal ends of the hollow shape member 
A, the face plates 41 and 42 are removed by a cutting process 
so that the plural slanted members (connecting plates) 43 
protrude therefrom.. On the other hand, the hollow shape member 
B is formed so that plural slanted members 43 are removed at 
the end region . The slanted members 43 protruding from the end 
of the hollow shape member A can be inserted to the space between 
the two face plates 41 , 42 of the hollow shape member B. After 
the members A and B are fit into one another, the face plates 
41 and 41 (42 and 42) are welded together from the outer side. 
Since the members are fit into one another before the welding, 
the occurrence of bend or bump at the joint is suppressed, and 
the welding procedure can be performed with ease. 

Next, another method of manufacturing the car body is 
explained with reference to FIG . 10. A hollow shape member having 
a length corresponding to the whole length of the car body is 
used, without separating the length of the member into plural 
parts. The two end areas in the long hollow shape member are 
heat-treated (annealed) as it is to create portions B having 
predetermined lengths. Possible methods for this heat 
treatment can include a method for partially heating the long 
hollow shape member inside a heating furnace, or a method 
performing high frequency hardening and the like where the hollow 
shape member is partially heated to obtain the desired property. 
After forming the hollow shape member having a length 



10 



corresponding to the total length of the car body as mentioned 
above , the plurality of members are welded together to form the 
under frame* 

When the car body collides against an obstacle , the coupler 
connecting one car body with another body drops by the impact . 
Therefore, the end portion of one car body collides against the 
end portion of the adjacent car body- First , the end beam 39 
disposed at the end of one car body collides against the end 
beam 39 of the adjacent car body. This provides impact to the 
plurality of hollow shape members 40 , the side sills 31, and 
the center sills 36 „ Further, impact force acts on the ends 
of the side structures 10 and the roof structure 20 * 

Since the end portion of the car body is constituted of 
hollow shape members B formed softer than the hollow shape members 
A disposed at the center area of the car body, when impact occurs, 
the hollow shape members B deform faster than the other portions 
constituted by hollow shape members A of the under frame, 
relieving the shock of the impact. Since the center sills 36 
and the side sills within the range of hollow shape member B 
are provided with holes to help ease deformation , the sills deform 
similarly when impact occurs, allowing the hollow shape members 
B of the under frame 30 to deform. Moreover, the side structures 
10, 10 andtheroof structure 20 deform similarly as the under frame 
30 since the end portions thereof are formed with soft hollow 
shape members B 0 

The soft hollow shape members B are disposed at the ends 
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of the car body o This end position is defined as the area between 
the end beam 39 and the portion where the center sills 36 gain 
height (the portion near member 38 for the coupler) . This area 
is thus determined considering the influence to the passengers 
and crew within the car body* Since lavatories and equipment 
exist at the ends of the car body, and since the end portion 
takes up very little of the whole car body, influence to the 
passengers is relatively small. Moreover, the above-mentioned 
end range is determined so that if the car-end compressive load 
acting normally on the car body is applied, only small burden 
share is provided to this end range, and it will not influence 
the strength of the whole car body greatly. The length of each 
hollow shape member B is within the range of about 100 to 500 
mm, and falls within the above-mentioned range. 

The shock absorbing property of the hollow shape member 
B will now be explained. Normally, when compressive load is 
applied to a conventional material used for railway cars, the 
material shows a load-deformation behavior as shown in FIG. 11, 
Three possible types of material characteristics are considered 
as shown in FIG. 12, a material I having high strength (such 
as pull strength, yield strength) but small elongation (brittle) , 
a material III having less strength but better elongation, and 
a material II having a property intermediate those of materials 

I and III. The material shown by the curve X (X if X 2 ) of FIG. 

II (the material corresponding to strength property I of FIG. 
12) has better withstand load, but the withstand load drops 
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rapidly after the value exceeds the maximum load- On the other 
hand, when the material has low strength and high elongation 
(the material corresponding to strength property III of FIG* 
12), the maximum withstand load is smaller but the withstand 
load does not drop rapidly after the maximum value, as shown 
by the curved line Y of FIG, 11. 

The shaded area corresponding to curved line Y indicates 
the breaking energy of this material . When comparing the X curve 
with the Y curve, the material having less strength but better 
elongation (in this case, the material shown by curved line Y) 
has higher breaking energy according to the deformation behavior 
after exceeding the maximum withstand load. It is important 
to select as shock absorbing member B a material having such 
strength characteristic Y, A material having the Y-curve 
property can be obtained easily by providing, for example, an 
O-material treatment to an extruded member. 

In the case of curved line X, since the material has high 
strength and small elongation, the elongation of the member 
cannot correspond to the imbalance of the stress within the 
cross-section of the member, causing partial breaking thereof, 
and reducing the withstand load rapidly. On the other hand, 
in the case of the curved line Y, the maximum withstand load 
of the member is lower than the material of the curve X, but 
since the elongation of the material is greater, plastic 
deformation of the material (elongation of the member) occurs 
partially corresponding to the scattered stress within the 
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cross-section of the material , preventing the withstand load 
from dropping rapidly . Accordingly , the material is allowed 
to deform greatly while maintaining a certain level of withstand 
load. 

When such material is used, the hollow shape member B deforms 
and collapses before the other portions A of the hollow shape 
members, relieving the impact loaded to the car body. Moreover, 
since the member B is made of a hollow shape member, in comparison 
to the general thin-plate structure, the member has higher 
inner-plate and outer-plate f lexural rigidity, and since it has 
a composite structure including two face plates and cross 
(slanted) plates, it has higher breaking-energy absorption 
property against compressive load (per unit planar area). 

Though the hollow shape member B is positioned within the 
passenger room, but it is disposed at the end of the car body, 
so the influence to the passengers is considered to be small. 

The ends of the center sills 36 and the side sills 31 can 
also be softened by heat treatment similar to the hollow shape 
member B. In such case, the end portion and the center portion 
of the member can either be formed of one member or be formed 
by welding plural parts together. If hollow shape members are 
used, the parts are fit to one another as explained earlier. 

According to the above-mentioned embodiment, the structural 
bodies are formed of hollow shape members, but they can also 
be formed by thin plates and frame members . 

The technical scope of the present invention is not limited 
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to the terms used in the claims or in the summary of the present 
invention, but is extended for example to the range in which 
a person skilled in the art could easily substitute based on 
the present disclosure. 

The present invention characterizes in that the members 
constituting both longitudinal ends of the car body of at least 
the underf rame are formed of a material softer than the material 
of the members constituting the longitudinal center area of the 
car body, thus enabling to absorb the shock without having to 
add any special member to the inner portion or under the floor 
of the car body. The present invention enables to provide a 
car body with high safety that minimizes the impact force to 
the passengers and crew on the train when a sudden train crash 
occurs, without changing the car body structure greatly. 
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